In 1952, Marshall, Bates, and Christie showed by fractional analysis that the pattern of carbon dioxide content of a single expiration was abnormal in emphysema. This abnormal pattern has been suggested as a test for emphysema (Dornhorst, Semple, and Young, 1953) . We have described a method of demonstrating the abnormality directly (Feinmann, Leathart, and Pendlenton, 1955) . A more accepted method of estimating the severity of this aspect of pulmonary insufficiency is by measurement of the arterial carbon dioxide tension (Platts and Greaves, 1957) , but this involves arterial puncture and skilled anaerobic blood-gas analysis.
In a normal person, the plateau of " alveolar" carbon dioxide measured in a single expiration at rest is in equilibrium with arterial carbon dioxide, and its tension can be used as an indirect estimate of the latter; but the absence of a plateau in emphysema makes this impossible. Sivertson and Fowler (1956) suggested that the mixed venous carbon dioxide tension should be used as a measurement of pulmonary insufficiency because the level of this can be estimated indirectly by analysis of expired air after 20 to 30 seconds of breath holding, both in normal subjects and those suffering from emphysema. Collier (1956) described a similar technique, using rebreathing rather than breath holding. This paper describes the application of the single-breath technique to indirect estimation of arterial carbon dioxide tension in emphysema.
METHOD
An infra-red carbon dioxide analyser (type S.C., Infra Red Development Co.) was used for rapid continuous gas analysis as previously described (Feinmann and others, 1955 Photographs were taken of the readings given by the calibration gas mixtures and of a volume record.
The calibration curve was projected on to a large screen and with superimposed transparent graph paper the records obtained of individual expirations were projected and re-calibrated. Using the 6 c.p.s. carbon dioxide signal as a time marker, the record was also corrected approximately for the one-third second delay in the carbon dioxide response.
Immediately after the breath analyses, an arterial blood sample was collected anaerobically into a heparinized syringe and sodium fluoride added to a concentration of 0.06%. The pH was measured at ambient temperature using a Stadie electrode and a Pye pH meter with extended scale. Before and after each measurement the calibration of the machine was checked with phosphate buffers, pH 7.43 and 7.73 at 200 C. prepared according to Van Slyke, Weisiger, and Van Slyke (1949) . Duplicate measurements were invariably made. Temperature correction was calculated according to Rosenthal's (1948) space, a plateau of "alveolar" air is produced ion between "alveolar" CO2 tension measured by the (Fig. 2) in the depth of inspiration and in the rate of expiration materially affect the shape of the curve. In emphysema those parts of the lung with a high ventilation-perfusion ratio are emptied first and those with more normal ratios later, and this mixing defect produces a sloping curve which fails to reach a plateau (Fig. 3) tion. One of our laboratory criteria of emphysema is the lack of ability to reduce the level of expired carbon dioxide by voluntary hyperventilation. In both normal people and those with emphysema (Fig. 4) , a short period of breath holding produces a plateau about 10 mm. below the mixed venous carbon dioxide tension estimated by the method of Sivertson and Fowler. We have not made any attempt to compare the " alveolar " figures obtained from normal subjects with arterial levels because the resting arterial carbon dioxide can so easily be shifted in a normal subject by overbreathing.
The manoeuvre which we have described and which enables us to estimate arterial carbon dioxide tension without complex blood analysis must represent a fairly complex phenomenon in itself. During a short period of breath holding, air from different parts of the lung has the opportunity to mix. At the same time, that part of the lung which is well ventilated but poorly perfused and which is expired first presumably has further opportunity to become perfused and come into equilibrium with arterial blood. The combination of these two factors during a period of breath tholding up to 10 seconds by the emphysematous patient brings expired air to a tension which is at or a few millimetres below that of arterial carbon dioxide.
The relatively slow response of our carbon dioxide analyser must result in the first, steeply Radford (1956) .
The apparatus used is relatively expensive and takes some time to set up and calibrate, but once this has been done a large number of patients can be examined quickly and without discomfort. The investigation is easier to perform than arterial blood-gas analysis and its accuracy is sufficient for clinical purposes, being of the same order as the method suggested by Collier (1956) . It has the advantage over other methods that it indicates the mechanism by which arterial carbon dioxide tension is raised, distinguishing hypoventilation from ventilation-perfusion ratio inequality. As observations are bracketed by checks on the calibration of the machine using gas mixtures, misleading results due to technical failure are not likely to be obtained. The method indicates an abnormal pattern of carbon dioxide expiration in many cases of emphysema in which the arterial carbon dioxide tension is within normal limits.
SUMMARY
An indirect method of estimating the arterial carbon dioxide tension in emphysema is described and discussed. A regression line is given with 95% confidence limits at a distance of + 5.4 mm.
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